1. Recognize the indoor and outdoor airborne pollutants the can adversely impact respiratory health 2. Understand how airborne pollutants cause disease 3. Recognize synergistic interactions between causative agents
Definition of Air Pollutants
• Primary -pollutants directly emitted into the atmosphere (eg. SO 2 , some NO x species, CO, PM) • Secondary -pollutants that form in the air as a result of chemical reactions with other pollutants and gases (eg. Ozone, NO 2 , some particulates) Particulate Matter (PM)
• Coarse PM (aerodynamic diameter 2.5-10um) -major sources are abraded soil, road dust from brakes and tires, construction debris, aggregation of smaller combustion particles.
• Fine PM (≤ 2.5 um) and Ultrafine PM (<0.1 um) -byproducts formed during the combustion of fossil fuel products • Coarse and Fine PM have been associated with increased cardiorespiratory morbidity and mortality • Much less is know about the adverse health effects of Ultrafine PM which is more abundant and potentially more toxic
Indoor Air Pollutants
• Sources -cooking -combustion -particle resuspension -building materials -air conditioning/cleaning -consumer products -tobacco smoke (active and passive) -heating -biologic agents -pets [Chemical and Engineering News; v72; 6-7; 1994.] [Aviation Week and Space Technology; v140; 20-21; 1994.] Sulfur Dioxide (SO 2 )
Referred to as 'SOX'
• Sulfur dioxide is a major primary pollutant in the atmosphere • Originates mostly from coal fired power plants and other fossil fuel combustion • Sulfur dioxide is usually oxidized by ozone and hydrogen peroxide to form sulfur trioxide, a secondary pollutant that is extremely soluble in water • Sulfur oxides present in the atmosphere when condensation occurs results in droplets of sulfuric acid called "acid rain" Science; v265; 497-9; 1994. Nature; v366; 327-9; 1993. 
Sulfur Dioxide
• Controlled exposure studies (5 min) to inhaled SO 2 induces rapid onset bronchocontriction in healthy and asthmatic subjects • Asthmatic patients experience increased symptoms and a greater decrease in lung function at lower concentrations (0.25 ppm) compared to healthy volunteers that are unresponsive at concentrations less than 0.5 ppm • Exposed asthmatic patients are refractory to the effects of SO 2 for up to 4 hours after exposure • Exposure to ozone or cold air before SO 2 exposure increases BHR to SO 2 in asthma patients
NOx (pronounced "nox") Gases
• NO (nitric oxide) is the principal emitted NO x gas from high temperature combustion in air.
-Reacts with ozone and tropospheric radicals to help form NO 2 , ozone, and other secondary pollutants such as peroxyacetyl nitrate.
• NO 2 is the lesser of the two emitted NO x gases from high temperature combustion in air.
-It is an important species in the atmosphere as it absorbs in the visible wavelength region -Manifests as the "Brown Cloud" seen over large polluted cities (eg. Denver, LA, Mexico City, Beijing…) -NO 2 is a precursor to photochemical smog; can be photolyzed to yield oxygen atoms that can react with molecular oxygen to create ozone (UV sunlight + hydrocarbons=ozone). Environmental; v30; 22-23; 1988. Environmental Science and technology; v26; 74-79; 1992. Science; v242; 555-558; 1988 .
Nitrogen Dioxide
• Most likely health effect as an outdoor pollutant is through the formation of ozone • High NO 2 exposure (0.02 ppb) 1 week before a respiratory URI has been associated with increased asthma exacerbations • Healthy subjects and smokers exposed to NO 2 (2-6ppm) manifest increased PMNs in the airways and reduced lymphocyte subpopulations • Exposure to 0.4 ppm NO 2 for 4 hours enhances the immediate and late phase response to inhaled allergen Chauhan AJ, et.al. Lancet 2003; 361:1939 -44. Sandstrom T, et.al. Eur Respir J 1991 4:332-9. Strand V, et.al. Am J Respir Crit Care Med 1997; 155:881-7 .
Asthma and Air Pollution
• Air pollution has been associated with:
• 
Lung Function and Air Pollutants

ER Visits for Respiratory Complaints and Air Pollutants
•Numerous studies have found an association between PM 10 levels and ER visits for asthma.
•In Seattle, an increase of 11 µg/m3 in fine PM was associated with an 11% increase in asthma ER visits. 1 • Ozone and SO2 have been associated with ER visits for asthma in Mexico. 2 •Exposure to air pollution is an important determinant of ER visits for acute respiratory symptoms, particularly during warm season 3 .
Inflammatory Markers and Air Pollutants
• Exposure to ozone results in an influx of neutrophils and alveolar macrophages into the airway. 1,2 • IL-6, IL-8, LTB4, and thromboxane B2 are increased in the airways after exposure to ozone. • mCD14 surface expression on airway macrophages is enhanced following ozone exposure. 3 • PM 10 exposure increases allergen specific IgE production leading to increased airway inflammation. • Diesel exhaust particles increase production of C-C chemokines, induce a TH2 cytokine milieu in the presence of allergen, and enhance total and allergen specific IgE responses to allergen. 4 
Interactions Between Air Pollutants and Allergen
What is Smog?
• A term used to describe a mixture of smoke and fog.
• Occurs when high concentrations of moisture are combined with smoke (often containing oxides of sulfur and nitrogen) in the presence of high temperatures or thermal inversions and the absence of wind.
• These conditions cause polluted air to stagnate over industrial areas causing potential respiratory health hazards.
• Large coastal industrial centers with surrounding high ground are more prone to smog.
• There is often a diurnal variation in smog formation since a necessary component for its formation is sunlight. Health; v56; p38; 1994. Science News; v144; p326; 1993. Air Quality Index
Journal of Environmental
• If the AQI is below 50, the air quality is considered good
• If the AQI value is in the 100-150 range, there may be some adverse effects in sensitive people (e.g. those with respiratory disease)
• At AQI values greater than 150, everyone may experience some adverse effects, with more severe effects in those who are more sensitive.
• An AQI value of 200 or higher may cause serious adverse effects on a large proportion of those exposed. 
Air Quality Index( AQI) Values and Pollutant
Indoor Allergens
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Importance of Allergic Sensitization in Asthma
• In the US, ~56% asthma cases attributable to atopy • Specific sensitization more important risk factor than total IgE
• Total IgE associated with asthma, but only among atopics
• ≥80% of school age children with asthma sensitized to ≥1 common aeroallergen • More positive skin tests  more severe asthma 
Indoor Allergen Exposure: A Therapeutic Target?
• Critical questions for assessing role of allergen avoidance in managing asthma:
• Is exposure to the allergen associated with asthma symptoms/disease activity?
• Is reduction of exposure feasible?
• Does reduction of exposure result in improved asthma control?
Major Indoor Allergens 
House Dust Mites
• Some important household mites:
• Dermatophagoides pteronyssiunus
• Dermatophagoides farinae
• Blomia tropicalis
• Live in bedding, upholstered furniture, stuffed animals and carpet.
• Feed on human skin scales.
• Grow best in relative humidity above 50-70%. 
Dust Mite Antigens and the Particles on Which They Travel
• Much research has been focused on the group 1 (Der p 1 and Der f 1) and group 2 (Der p 2 and Der f 2) allergens.
• Group 1 are found in mite fecal particles.
• Airborne characteristics
• Airborne with active disturbance (vacuum cleaning, bed making, etc…)
• The majority of the allergens are found on 10-40 μm particles.
• These particles settle rapidly (20 -30 minutes). 
Dust Mite Allergen Exposure is a Risk for Sensitization
Sporik et al. reported that children exposed to >2μg/g Der p 1 are more likely to develop sensitization (n=59). Sporik et al. NEJM 1990; 323:502-7. Lau et al. Lancet 2000; 356:1392-97 Prevalence of sensitization to house dust mite stratified by highest and lowest quartiles of house dust mite exposure as age 6 months (n=648). Methods: Randomized double blind placebo controlled study of allergen impermeable mattress covers.
Dust Mites and asthma
Results:
• Mite allergen lower for the active than placebo group at 6, but not 12 months.
Conclusion:
Mattress covers alone are not sufficient to control asthma symptoms in allergic adults.
Bed Covers for Adults with Asthma
Woodcock et al. NEJM 2003; 349:225-36 .
Dust Mite Allergen -Summary
• Exposure related to development of allergic sensitization
• Sensitization associated with asthma in areas where dust mites are common
• Exposure is associated with increased asthma morbidity among sensitized individuals
• Reduction of exposure has been associated with improvements in disease activity
• Interventions that involve only mattress encasings may be ineffective
Cockroach Allergen
• Blattella germanica most common in U.S. inner cities
• Bla g 1 and Bla g 2 are major allergens from German cockroach
• Allergens found in cockroach feces and typically carried on larger particles (>10µM)
• Proposed cut-points for cockroach allergen exposure: 1-2 U/g (allergic sensitization) 2-8 U/g (asthma symptoms) Cohn et al., Environmental Health Perspectives, 114: 522-526, 2006 Cohn et al., Environmental Health Perspectives, 114: 522-526, 2006 Cockroach Allergen Exposure 
Percent of Homes
Bla g 1 level Cohn et al., Environmental Health Perspectives, 114: 522-526, 2006 Cockroach Allergen Exposure
Risk Factors for High Bla g 1 Levels
Odds Ratio (95% CI) Relationship between Cockroach Allergen Sensitization, Exposure, and Asthma
• The combination of cockroach sensitization and exposure is a risk factor for asthma (Call RS et al., J Pediatr, 1992 Dec; 121:862-6 and Gelber LE et al, Am Rev Respir Dis, 1993 Mar; 147:573-8) • Recent data from NHANES III indicates that cockroach sensitization is associated with a 2-fold increase in asthma risk in the U.S. population; however, this association is attenuated when adjusting for other allergen sensitivities 
Cat and Dog Allergens
• The major allergens are
• Cat -Fel d 1: produced in sebaceous and salivary glands
• Dog -Can f 1: found in dander and saliva
• Particles that carry cat and dog allergens can be small (2-10μm), become airborne with minimal disturbance and remain airborne for hours.
• Travel on particles that are passively transferred.
• Are ubiquitous in public buildings and moderate exposure in communities with domestic cat ownership is unavoidable.
• Homes with pets have allergen levels ~100x higher than homes without
Asthma Symptoms Associated with Passive Transfer of Cat Allergen
Reprinted Wood et al JACI 83:730,1989 Fel d 1 content in the dust from homes after removal of a cat
Effect of Air Filters and Pet Washing
Air filters • The clinical effects of home air filtration in homes where the cat remains has been mixed • Wood et al. found no clinical effect on symptoms or peak flow for young adult asthmatics • Van der Heide et al. found a reduction in bronchial hyperreactivity for asthmatic children when air filters were placed in the living and bed rooms.
Washing cats and dogs • Washing cats and dogs can significantly reduced airborne cat allergen, but the decrease is not maintained for more than a few days. Wood et al , AJRCCM 1998; 158:115-20] Van der Heide et al. , JACI 1999; 104:447-51] Cat and Dog Allergens -Summary
• Direct and indirect cat exposure associated with asthma symptoms and morbidity
• The association between pet ownership and the development of sensitization and asthma is mixed in the literature, with increased, decreased and no risk reported.
• Cat removal is effective in lowering cat allergen levels over months and improving asthma outcomes
• Results of studies of air filters are mixed
• Pet washing only reduces allergen temporarily Rat Allergen and Asthma Morbidity Perry, et al JACI 2003; 112:346-52 National Cooperative Inner-city Asthma Study
School age inner-city children with asthma
Mouse & Rat Allergens -Summary
• Mouse allergen is widespread in occupation and home settings, with higher levels occurring in urban areas and low income, multi-family dwellings
• Mouse sensitization is more common in minority race/ethnicity and lower socioeconomic groups
• Exposure to high levels of mouse/rat allergen is associated with excess asthma morbidity in inner city children who are sensitive to mouse/rat allergen
• Effective mouse allergen mitigation involves basic principles of integrated pest management (IPM)
• Reductions in mouse allergen in inner city asthmatic children may improve asthma symptoms 
Definition of Mold
• Mold is not a scientific term. It stems from old English for earth. The term, also often called "mildew", refers to the fuzzy growth found indoors and outdoors composed of bundles of hyphae which form a mycelium (pleural = mycelia 
There is an Association Between Damp Indoor Environments and Poor Respiratory Health
• An IOM expert panel reviewed the relationship between damp or moldy environments and adverse health effects.
• They reported an epidemiologic association between damp indoor environments or indoor mold or other agents and:
-upper respiratory tract symptoms 
NAEPP Guidelines Recommend Controlling Dampness and Mold
• Mold growth indoors can be inhibited by reducing moisture and humidity.
• Proper building maintenance, dehumidification, air conditioning, and increased ventilation are all helpful.
• Humidifiers and vaporizers increase indoor humidity and can become contaminated with mold and should not be used in homes of asthmatics.
